Description 



Fully closed, zero discharg e Fully-closed, zero-discharging , clean oxidizing 
pulping technology process and process the preparation thereof 

Field of the inyention 

The invention relates to a clean, fullv-closed, zero-discharainq pulping 
process by oxidation and the preparation method thereof for a fully clos e d, zero 
discharge, c l ean oxidizing pulping technology and procoos . In particular, it is 
practically relates to a clean pulping process having the characteristics of that 
involves a method with close-loop, self-cycling, nen jno acid used , non no alkali 
used, flon no chlorine used , nen no anthraguinone used- , non no cooking 
needed , nef^ no bleaching needed, nen no draining and nen no pollution. 

Background of the inyention 

Short supply of papermaking materials is a problem faced by the pulping & 
papermaking industry in a long term and occurs not in a single district but in 
woridwid e the whole world . Forest acts as the lung of earth that can absorb 
carbon dioxide and produce oxygen in addition to the effect effects on the 
conservation of - water resources, prevention of soil erosion, and adjustment of 
climate. And it has both ecological and economic value values . However, it is 
now decreasing at a rate of 700X 10^-m^ yearly per year and tropical rain forest 
is be i ng reduced decreasing at a rate of 50X10"* m^ per minute. If the illegal 
ruinous exploitation is not strictly restricted, with the increasing of the whole 
world population, human beings may have to face the dilemma of nen no 
adequate oxygen to breathe 40 years later. 

According to a comparison of the China Forestry Statistical Yearboo k in 1999 
with the one in 2000 compared w i th 1900 . the decreasing rate of forest area-nn 
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2000 is: ten major f orestry ecological programs -12.9%, natural naturally formed 
forest conservation program -10.7%, area of enclosure of t he hillside closed f or 
regeneration of forest -6.33%, protection forest +24.75% -24.75% , economic 
plantations -3.83 -3.82 % and forest ef for commercial timber -14.07%. 

Based on the plant fibe r cel l u l ose chemistry, non-wood fiber cellulose 
materials can be categorized as: 1. th e grass gramineous fiber materials; -2. 
base phloem fiber materials; 3. cotton linters fiber materialsi— 4. leaf fiber 
materials. And the holocellulose content of non-wood fiber materials is 48%-84%. 
The length of most non-wood fiber Is longer than that of wood fiber ^ and oollulose 
Cellulose is the main content material used in papermaking. Cellulose extracted 
either both from wood afi4 or from non-wood materials can be used as 
supporting materials of paper and for the production of raw material materials of 
middle or high quality pulp. It is demonstrated that in the fiber of non-wood 
materials such as cotton stalk, all kinds of chemical components are similar to 
that of l=iafd -b road -leaved w ood and seft -needle-leaved w ood. 

China is an agricultural country and also—te a cotton-producing country. 
Annual T he yield of annual plant resourc e that can compar e favorably with wood 
is about 0.16 billion 160 million tons (t). which is comparable to the wood 
resource . During the "Ten-Five" ^tei^ Plan , the growing area in t he major 
cotton-producing afea -regions o f China is expected to be is stabilized at a level 
of 6 million hm^ in 2010. There are 34.2 million tons of high quality cotton stalks 
annually. Based on the data ef in textbook, output of cotton stalk pulp is 24.282 
million tons. If the utilization ratio is 20%, the output is 4.856 m!llion4/y tons/year, 
however heretofore, the utilization ratio of the annual plant resource res e mbl e d 
resembling t he ^=la^=d broad-leaved wood is less than 1 %. 0.235 bill i on 235 million 
tons of non-wood f iber materials of non - wood can be extracted from cornstalk, 
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wheat straw, rice straw (in accordance with year 2000 agriculture statistical 
yearbook Agriculture Statistical Yearbook of 2000 , the y ield thereof of them has 
already attained reached 0.47 billion 470 million tons). Now utilization ratio of the 
vast pulping resource of annual plant pulp materia l s is less than 5%. These 
annual plant resources are called agricu l tur e agricultural green waste in America 
the United States , and are called green annual plant resource in China. 

In "Pulping Technology and Equipment" that— published by China Light 
Industry Publishing House in year 2000, the content contents of holocellulose of 
various fiber materials t e sted d etermined bv w ith-sodium chlorite I s are disclosed. 
tisted as shown in table 1 . 



Table 1 unit: weight % 



Materials 


Production 


Holocel 


Materials 


Production 


Holocellulo 




Place 


lulose 




Place 


se 


spruce 


xiaoxinganling 


73. 0 


Wheat straw 


Hebei 


71. 3 


korean pine 


daxinganling 


69. 6 


Suaarcane residue 


Guawngdong 


75. 6 


populus xiaozuanyangica 


henan 


81.6 




Guanadona 




bambusa oldhami 


zhejiang 


69. 5 


Chinese alpine rush 


Guangxi 


76. 7 


Bambusa edtuldoides 


Guangdong 


67. 2 


Sorghum stalk 


Hebei 


66. 4 


phragmites communis 


Hubei 


75.4 


Corn stalk 


Hebei 


84. 9 


miscanthus sinensis 


Hubei 


76.6 


Achnatherum 


Jingxia 


79. 8 


gossypium hirsutum 


Jiangsu 


75. 1 




Ninaxia 




cotton stalk 






Deyounia angstyolia 


Heilongjiang 


74. 9 


rice strew straw 


Hebei 


64. 0 


Chinese silvergrass 


Sichuan 


84. 3 



In " Plant Fibe r Cellu l ose Chemistry" that published by China Light Industry 



Publishing House in y e ar 2001, data e ^for chemical analysis of cotton stalk 
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materials chomica l analysis (weight%) and average staate -lenath of fibers (mm) 
te -are listed in table 2. 

Table 2 



Part of 
cotton stalk 


moisture 


ash 


extractive extract 


Sodium 
chlorite 

holocellulose 


Klason 
Lignin 


Poly 
pentose 


Pectin 


Average 
fiber 


Cold 

water 


Hot 

water 


1% 

NaOH 


Phenyl 

alcohol 


Cotton stalk 
peel 


6.12 


6.12 


18.34 


23.66 


43.67 


2.7 


75.57 


16,84 


23.26 


9.64 


2.46 


Cotton cane 


7.87 


2.05 


3,71 


5.02 


21.36 


1.68 


76.32 


21.31 


18.07 


1.42 


1.08 


Full cotton 
stalk 


8.12 


3.15 


7.68 


9.74 


28.72 


1.94 


75.95 


20.17 


19.27 


4.25 


1.68 



It is well-known that worldwid e papermaking worldwide still uses the 
traditional process invented before 100 years in which strong aei4 acids , strong 
alkali alkalis , strong chlorine are used and black liquor is drained without 
restraint. The traditional process has seriously impacted the environment that 



humank i nd human beings re l ies relv on f or e x i st e nce living . In recent years 
Anthrgguinone anthraguinone is introduced in papermaking of-in Japan, India, 
Canada etc. Anthraquinone belongs to the is a fused polycyclic aromatic 
hvdrocarbon hydrocard e s of arenes. All of the The fused polycyclic aromatic 
hvdrocarbons hvdrocardes — have been confirmed to be tl=*e — carc i nogen 
carcinogenic . For instance, a known carcinogen structure made of anthracene is 
as follows: 




CH3 



lO- Methvl methvl- l ,2-benzanthracene (eth e ne) or ethvlene -1 , 
2-benzanthracene 
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The prohib i tion o rder relating to the prohibition of chlorine in e f-pulp 
bleaching with chemicals re l ate to ch l orine was promulgated by Environmental 
Protection Agency (USA) in April 2000. More recently, 54% of papermal^ing 
companies paper mills in the world are fixing their eyes on CIO2 as the bleaching 
agent. Nevertheless, 91% of CIO? may produce dioxine and other organic 
compounds, nevertheless, a nd-the romainod remaining 9% da-is discharged as 
Cb to the atmospher e, which does harm the environment that human beings rely 
on. 

The oxidizing bleaching of pulp can date back to the earlv 1950's. Oxygen 
was first found that it has to have a bleaching ability by Soviet wood chemist 
Nikicih Nikieih and Arim ARim in 1952. Twelve years later, Magn e sium 
magnesium salts are found to be able to avoid cellulose oxidation to be oxidized 
and degradation degraded by French scientist Rebeve et a! in 1964. Laboratories 
one after another were established one after another in three countries ( Amer i ca 
U.S. , France and Sweden) in 1970. In the same year, the first chlorine dioxide 
bleaching plant of the world was constructed in Enstrd of South Africa. In 1972, 
oxvgen bleaching plant with a^capacity of 12t/d was set up in Am e rica t he 
U.S. and the technologv w as patentedT-64J t, however, it was not industria l ized put 
into service due to the great loss of cellulose, high energy consumption, a fi4 high 
water consumption and high production cost. Twenty-seven years later, 
Gerogelude Company in France (1999) and Prinsell Company in America (2001) 
successively used the combination of CIO2 and O3 foL.bleaching. But chlorine 
pollution was not shak e n off gotten rid of . Referring to the patent patents before 
March, 2002 of all over the world, the worldw i de papermaking worldwide s taf^ 
still emploved as the seriously polluting cooking process with strong acid, strong 
alkali and strong chlorine, and stand still as utilized the seriously polluting 
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bleaching process with chlorine. Treatment of lignin chromophores chromophor e 
stands still as relied on the traditional process of separation and degradation of 
lignin used 00 years b e fore ago . For this reason, papermaking of jn the world 
has become the e mphases an important object o f concern for the environment 
protection organization. 

Pulp bleaching with CIO2 and O3 (CN1212310A) invented by France liqu i d 
a i r company Liquid Air Companv was mad e public published on at March 
31,1999. Pulping of process using cornstalk and other non-wood fiber materials 
(CN1371439A) invented by America North Carolina State University of U.S. w as 
made public at published on Sep 25,_2002. Other patent applications include: A 
method that produces pulp by a pulping process using non-wood material and its 
preparation system e quipment (CN1407172A) invented by Japan business 
corporation Business Corporation published on April 2. 2003 . a pollution -free 
pulping method (CN1 198492) invented by Shandong Weichang Normal 
University, a pulping method without alkali (CN1229155) and a pulp bleaching 
electrochemical technology of polyoxometallate (CN1 458075) were made public 
at Apri l 2, 2003^ cetera. 

Referring to all above instruction patents, some are related to bleaching 
method w ithout chlorine, some aim at afe reducing the dosago amount of acid, 
alkali and chlorine used , some are using ozone instead of chlorine, some are 
using alkali, anthraquinone and peroxide acid. Until March, 2002, there are-is no 
any plant method which can finish degradation of lignin without using acid, alkali^ 
and no any plant puts down method which eliminates the use of acid, alkali and 
chlorine completely, which implies that illustrate the pollution problem has not 
been thoroughly resolved in these patents. The present pat e nt invention solves 
the pollution problem ef in papermaking thoroughly . The invention gets rid of 



6 



solves the problem of using strong acid, strong alkali, chloride and 
anthraquinone in pulping process, d uring the whole process of degradation of 
lignin and bleaching. All wastewater produced by papernnaking isrrt is not 
drained outwards . Tho invention is , thereby forms a fully— closed, self-circling 
and zero discharge process z ero-discharging svstem. and completely solves two 
worldwide problems - mat e r i als material shortage of pulping & papermak i ng and 
serious pollution existing in pulping & papermaking industry . 

D e tail e d description Summary of the invention 

The invention overcomes the current t echnical shortcomings in the prior arts 
and provides a close-loop, self-cycling, zero d i scharge zero-discharging , clean 
oxidizing pulping tochnology process and process the preparation method 
thereof . 

Clean T he clean pulping process and preparation method thereof of the 
invention are carried out by undermentioned techn i cal projects characterized in 
that . The character of tho invention i s that the raw materials of the clean pulping 
process and the preparation method thereof are non-wood aFi4-or wood material t 
Preparation preparation of the pulp can be finished according to und e rm e ntioned 
the - processes mentioned belowr : 

(A) Pretreatment of raw materialsri 

(B) Above materials Materials pretreated above are oxidizing dipped in wat e r 
in the presence of that contains active oxygen A and cellulose pr e server that is 
made of protectant consisting of metal ions and metal ion ligandSTi 

(C) The oxidizing-d ipped ox i dizing materials are grinded in turn ground 
seguentiallv by the active oxygen A and then active oxygen Bt; 

(D) Concentrate Concentrating and beatingr; 
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In accordanc e with th e pr e sent invent i on, w herein, t he active oxygen A is 
one or two selected from O2, H2O2, and on e or two free radicals generated from 
Opt - or HpO^t: The the active oxygen B is one or more selected from O3, 

0*/H00 • 

^02(singlet oxygen), O r/HOO * ^ (superoxide anion radical)^ and on e or 

multiform _ free radicals generated from Oa /Qar-O T/HOO * t herefrom in water in 

the presence of an water in wh i ch o rganic solven t exists . 

In accordance with the present invention, the organic solvent is. for example. 
Is DMSO or oxalic acM acids , 

A kind of pulp te-obtained by the above process is also provided . 

In abov e the clean pulping method described above , the non-wood materials 
such as full cotton stalk includes include one or the mixture of two or more 
selected from cellulose, hemicellulose, lignin of cotton bast, cotton stem, cotton 
stalk root and full cotton holocellulose ^, cellu l oso and homicollu l oso of ^ valvular 
cotton, cotton short linter, cotton dregs, and cotton seed ;, a kind of lignin: or two 
or mu l ti - kinds of their compounds . The described Said wood fiber woods includes 
soft woods and hard wood broad-leaved wood and needle-leaved wood, such as 
white pine, Masson pine , l ongitudinal white pine , oregano pine David poplar , 
aspen wood, f ast-growing poplar, birch and so on. 

In accordance with the invention, the metal ions are one or the mixture of 
two or more selected from Mg^^, Fe^"^, Mn^^, Cu^^, Al^^, Zn^"^, and two or 
multi k i nds of their compounds . The meta ll ic metal ion ligands are one or the 
mixture of two or more selected from include dimethvl dioxirane (DMD) DMD , 
diethvlenetriamine pentaacetic acid (DTPA) DTPA , ethvlenediaminetetraacetic 
acid (EDTA) EDTA , alky! sulfonic acid sodium sodium alkvlsulfonate , and 
polvoxvethvlene alkvlether poly oxyethy l enablkylethor and two or multi - kinds of 
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thoir compounds . 

In accordance w i th the inv e ntion. A mount dosag e of the metal ions in weight 
is between 1-1000ppm. 

I n accordance with the i nv e nt i on, the T he oxidizing dipping treatment is 
carried out in an acidic condition whose having a pH is of between 1-4, 
preferably, and the best pH is between 1.5-2.5. 

In accordance w i th th e inv e ntion, th e H ie grinding treatment is carried out in 
an acidic condition whos e having a pH is of between 1-4, preferably, and the best 
pH is between 2.5-3.8. 

In accordance w i th the invention, the The acidic condition can be obtained 
by use of the active oxygen of the invention (such as HOO • ) and also can also 
be obtained by the addition of pH regulator. 

In accordance with the i nvention, the The concentration of active oxygen A 
in abovo t he materials being treated is 0.01-2.0wt%, and t he concentration of 
active oxygen B in above materials is 0.1-50umol/L. 

A kind of clean pulping method as stated above has undermentioned 
charact e rs the following features and advantages: (A) The active oxygen is 
dropped into #je a disc refiner, in which heat energy is generated through from 
the rotation of the discr and is the energy is transferred into the materials for 
reaction, thus theft the fibef cellulose is separated from the intercellular spacev; 
(B) With cooperat i on the combined effects of the active oxygen A and B, the 
chromophoric group groups (a, p-aldehyde or ketone group groups ) in the-lignin 
is are transformed into non - color group le ss-colorless groups (tt=^e ~i.e., carboxvlic 
asi4 acids or binary aeid -carboxvlic acids W: (C) Self-cycling: the raw materials 
pre-treated are delivered to the oxidation reactor. A ll water used in the process 
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from thQ protroatmont of raw materials t i ll the do l ivory of it to tho oxidation 
reactor is divided into two parts to be t o aooomp l ish the self cyc li ng cycled in the 
processiT ©fie the first part is the water from the process of materials cleaning 
protroatmont treatment of raw materials: after the centrifugal cleaning treatment, 
the resulting . It is pur i fiod by centrifugal cloaning and the solid sediments m-lt-are 
taken awa v and the resulting- r-The pulps are sent to the common conventional 
beating processri Wat e r water generated in the process is cycl e d d irected into a 
purification pool for cycling water in which — a O.iyo-O.ISyo ozonizer (O3 
generator) and acticarbon nutoch filter are is installed in tho purification pool t o 
decolor the water. The resulting w ater contains a very small amount of oxygen 
free radical and l^is then pumped into the cycling water system : the . The oth e r 
second part is the water from the oxidizing process.^-Afte f which water is cleaned 
with centrifugal cleaner centrifugation and then is then concentrated with a 
common conventional- deckerr-, the ~The pulp is sent to the pulp tank and then 
to a f ef-papermaking plantr, and the Tho produced water produced is filtrated 
and then sent to placed i n t he water-purifying tank for self-cycling. The purified 
water is pumped into the materials cleaning system, oxygon o xidizing-d ipping 
system, oxygen grinding system and filtrating screening system for recycling use 
being recycled within the company . 

I n nocordancQ w i th the present i nvention, it takos advantage o f The present 
method employs active oxygen free radicals generated by oxidation 
electron- reduction reaction of molecular oxygen in an ion reactor to transform 
and separate lignin, and t o change chromophoric group groups in the 
intercellular space and to obtain paper pulp. The conventional pulping 
technologies that use harmful polluting chemicals such as acid, alkaline, chlorine, 
anthraquinone and so on are basically changed d ifferent with the method of m 
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the present invention. The In the present invention, the cooking and bleaching 
process whichr generat i ng generate severe pollutionr can be avoided . The , and 
the abundant yearly annually grown fiber materials can be utilized in this process 
and water and energy can be saved. As a result, the cost of production can be 
saved reduced . 

In accordanc e with the i nv e ntion, the The active oxygen is added m into the 
materials^ and ground with a high-concentration defibrator g e nerates which leads 
to aL.grinding heat reaction by gr i nding , which is used so as to change lignin's 
chromophor e chromophores of in the intercellular space. Because the hvdroxvl 
special free radicals formed by the three oxygen atoms of mol e cule molecular 
oxygen l=iae have a strong attack power and i nt e rnal an intracellular nucleophilic 
attack power, the -and an electrophilic reaction occurs between special the 
hvdroxvl free radicals and lignin. The big Tt-bonds in the liqnin structural e l ement 
elements, i.e. benzene ring and ph e nv l and exocvcl i c side chains, big 7t - bond 
are broken, and then lignin is d e gradat e d degraded and dissolved. The 
chromophore chromophores ef in lignin is are changed transformed o r 
decomposed into low mo le cular small molecules , then forms achromictintl e ss 
monolarboxylic acid thus forming colorless — monocarboxvlic acids or binary 
carboxylic ae4 4 acids . 

The reactions Eguations are as follows: 



R 



R 



C 
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HOOCC=CCOOH 
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CH3 



CH3 



H-C-OH 



OH 



O 



HOOCCH2CCOOH 
OCH3 
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HOOC -CH •CH2COOH 



OH OH OH O 

(I) (ID (III) (IV) 

B . -CHjCHO 



The invention also includes the pulp made by the above process. 

Process of the invention is described in detail concrotolv as follows: 

A clean oxidizing pulping process and the preparation method thereof, 
characterized in that the T he character of tho invontion in thnt raw materials of 
thereof the c l ean i ng pulping process and tho proparation method are '\b 
non-wood and wood materials and . Preparation preparation of the pulp can be 
finished according to undermentioned processes, the following process: 

(A) Pretreatment of raw materialsvi 

(B) Above matorialQ is Materials pretreated above are oxidizing dipped in the 
presence of i f^-the-active oxygen A and aLcellulose pres e rver protectant that is 
made of metal ions and metal ion ligandsr; 

(C) The oxidizing-d ipped oxidizing materials is grindod are ground in turn by 
the active oxygen A and then active oxygen BtI 

(D) Concontrato Concentrating and beatingr; 

wherein In acoordanco with the present invention , the active oxygen A is one 
or two selected from O2, H2O2, and ono or two f ree radicals generated from O2, 
H202^L.The the active oxygen B is one or more selected from O3. ^02_(singlet 

oxygen) 0t /HOO • ^ (superoxide anion free radical) and one or 
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mu l ti - f ree radicals generated frem therefrom Qay'^Qa— O j/HOO * in water in the 
presence of v #tfeh-an organic solvent-exists. 

Active oxygen can be obtained when molecular passes through an ion 
proc e ss radiator in which the -an oxidation-reduction reaction can occur and the 
when enerav is provided, and at last water is formed. In the process that f our 
electrons are accepted, one oxygen free radical will be generated when one 
electron is absorbed by O2. For instance^^. hyperoxidiz e d a hvperoxide anion free 
radical is formed when O2 is reduced by one electron and its equation is: O2+ 

0*/H00 • 

e->_i O x/HOO' ri Hydrogen hydrogen peroxide is formed when O2 is 

reduced by two electrons and its equation is: 02+2e+2H^--> H202 l» Hydroxy 
hvdroxv free radica l Is radicals are formed when O2 is reduced by three electrons 
and free rad i cal te radicals are formed by reaction of Fe^* and H2O2, which are 
special free radicals ef for water treatment and their equations are: 02+3e+3H^ 
^ H2O+ • OH^^Fe^^ + H202 ^ Fe^^+ • OH + OH . 

In accordance with the i nvention, the T he metal ions are ion(s) is/are one or 
the mixture of two or more selected from Mg^^, Fe^^, Mn^^, Cu^^, Al^^, Zn^^, and Si^"^ 
and two or multi kinds of their compounds and ^ the The metal ions are usually 
provided in the form of salt salts such as FeS04, MgC03x«.~etc. The m e ta l lic 
metal ion ligands is ligand(s) is/are one or the mixture of two or more selected 
from for example DMD, DTPA, EDTA, alky l -sulfonic — aeid — sod i um, 
poly oxvothvl enabkvlether and two or multi - kinds of their compounds sodium 
alkvhsulfonic acid, oolvoxvethvlene alkvlether . Together with the The metal ion, 
the m e tallic metal ion ligand, hyperoxidized hvperoxide anion free radical 

(Qx /HOO' j H2O2T they — are combined together in different 

compositions to f orm-a functional cellulose protection syst e m systems which can 
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not only protect cellulose but also get rid of silicon. 

Pretreatment usually includes removing impurity, shear shearing , fiborization 
fiberizing and , optionally, cl e anout with concr e t e condition cleaning . 

In accordance with the inv e ntion, the The oxidizing— dipping treatment is 
preferably carried out in acidic condition whose w herein pH is between 1-4, and 
preferablv. t h e best pH is between 1 .5-2.5. 

In accordanc e with the invention, the The grinding treatment is carried out in 
acidic condition whose w herein pH for example is between 1-4, and preferably. 
the b e st pH is between 2.5-3.8. 

In accordanc e with the i nv e ntion, the The acidic condition can be obtained 
by the use of active oxygen of the invention (such as HOO • ) and also can be 
obtained by the addition of a pH regulator. 

The metal ions are usually used in the form of a^salt and its dosage range 
the amount thereof is commonly between 1-1000ppm, preferably, t h e b e st rang e 
is-between 10-100ppm- according to by weight of metal ion. 

In accordance with the present invention, the™"non-cooking" i nvolves means 
that: the conventional cooking process can be omitted : instead, the active 

oxygen is dropped into the disc refiner, in which heat energy is generated 
through the rotation of the disc, and the an energy transferred transferring 
reaction is generated occurs , then the fiber cellulose is separated from the 
intercellular space. 

In accordance with the present invention, non - conventional no conventional 
bleaching process needed involv e s means t hat: the bleaching process can be 
omitted —: instead. T he cooperation the combined effects of the active oxygen A 
and B are used in order to transform the chromophoric group groups in the lignin 
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into non color group colorless croups, r -Fof for example, to transform a , 
P-aldehyde or ketone group g roups aro turned to the into carboxylic aeid -acids or 
binary ae\4 acids . 

In accordance with a preferred embodiment of t he invention ^the d e tailed 
doscr i ption of the process in the preferred implomontod program is i ll ustrated as 
feWews the process of the invention comprises : 

The a pretreatment system ef for the raw materials: TMs this is a 
cooperation process. In this process, legumen and calyces of the raw materials 
are removed legumen ^ calyces by a^crushing engine^, and then the raw materials 
are cut into pieces having a length of 5cm and thiek -a thickness of 1 .5cm and a 
vield of 98%. . Finally mater i als whose forming rat e is 98% are obtain e d. Abov e 
materials ar e broken into plush plushes by ro l ler and a rolling-type crushing 
engine, and then had r e mov e d d ust and medulla removed by wind powe r whiler 
had removed impurity removed by a cleanerr -: wherein, water used Water of Iq 
the cleaner is the water being cycled and f ull closed and circu l ar wate r in the 
factory, containing minorT -4Jttte active oxygen free radicals and minor ti ttle 
cellulose pres e rv e r protectant ( (cou l d be brought commertciallv available ) from 
market) are left in the water , so no active oxygen needn't is needed to be added 
in the pretreatment process. No any d rainage Is drain e d discharged in the 
process of washing materials by c i rcular the cycling w ater which changes Is 
different with t he traditional process with acid washing and alkali washing 
process . 

Oxidation reactor system ( refer referring to the application of patent for 
invention of Ch i na Chinese patent application No. : 200310103895.3): The the 
main function thereof is imbibition, softening and debonding of the materiaisiT pH 
within the reactor is 1-4: A etive active oxygen in the subacid i ty weak acidic water 
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whos e pH is 1 to 4 generates superoxide anion radicals (O t/HOO * ^ ) 

whe which have strong penetrability and can penetrate intercellular space 
directly to occur induce an oxidation -reduction reaction. Agitator An agitator is 
installed in the oxidation reactor and the agitator connects outer power plant 
motor through the top of the reactorTi^ 

The the agitator is equipped with at least three layers of propellers at l e ast 
has throo proc e ss propellers , and its rotating speed can be controlled. Start the 
agitator and then in the reactor, positive ions are produced in the wate r bv the 
electrodes. — Materials are softened by the combined effects cooperation of 
positive i ons, pressure, temperature and shearing stress of the agitator, in the 
oxidation reactor, owing to the active oxvgen, catenating layer, pectin, and poly 
pentose are decomposed at the same timer and decolor discoloring reactions are 
occurr e d by high spe e d agitating of activ e oxyg e n occur during the high speed 
agitation . 

With the repeatedly repeated experiments, the best — preferred reaction 
conditions are identified: pH in the reactor is 1.5-2.5 and a rotating speed of 
40-80 r/s for 40 60min r/min and — 0.02-0.1% cellulose prosorvor protectant that 
has been prepared is a l so added . In 40-60 minutes, in the reactor, chromophore 
of material changes chromophores in the raw materials change from deep yellow 
to pale white^ then materials are washed repeatedly and squeezed for removing 
the water~eut. 

Grinding system: the best cho i ce preferred is disk grinder system that 
consists mad e o f two parts, one is model RL50S disc refiner or high consistency 
defibrator and the other is oxidation reactor. The process has includes first 
refining and second refining. Active oxygen A is used in the first refining and 
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active oxygen B is used in the second refining. The raw materials exported tey 
from oxidation o xidizing-d ipping system are fed to the refiner by a^screw feeder 
continuous l y and equal l y homogeneously , then the materials are dipped by O3 
whose concentration is 1-15umol/L, weight percentage concentration o f water Is 
30%, and pH is 2,5. Grinding rotating speed is 600-1200 f/s r/min and the gap 
between the disks is 0.2-0.1 5mm. In first refining, active oxygen A whose weight 
percentage concentration is 0.1-1.5 is added in the shower water to mi x and 
grind with materials. The materials are softened with by grinding, and then the 
celluose cellulose cladded in the intercellular space is separated. Main function 
of the grinding thermal reaction is producing to produce heat transfer reaction 
with confriction of refiner by mix -mixing and grinding of active oxygen and 
mat e rial materials . Chromophor e Chromophores of phenvlpropane 
hydroc i nnamic alky i is are oxidized by superoxide anion free radicals, molecular 
d i oxygen oxvgen and hydrogen peroxide. With softening temperature differ e nc e 
ef differences among lignin, hemicellulose and cellulose, hydrophilic groups 
gotten produced f rom oxidized exiguous fibers can connect fundam e ntal chain 
be connected to the backbone of celluloseii as a result, yield is augmented te by 
8-12%. Key of the invention is condit i on the conditions of the process ( the deta il 
instruction of th e process such as sequence, pH, temperature, dosage amount of 
active oxvgen used , time, rotating speed, pressure and pulp concentration etc of 
the process as detailed in the present invention ). 

The process has includes a f irst refining and a second refining. sla§ Slag 
sifted grinding can be grinded ground and screened repeatedl y after screen i ng . 
After being transferred to the l i^cleane r disposa l process , edible citric acid 
aqueous solution w hose weight percentage concentration is 0.12 and 
hydroxylamine whose weight percentage concentration is 0.01 are added and 
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sprinkled to prevent dandy worm and oxidative stain. According to routine 
beating process, tlie pulp is beaten and tlie pulp thus obtained is tlie o riginal 
material pulp with aLyield of 76% and mlISO whiteness of 52-65''. The process 
described above can be applied in the village and township enterprises in the 
area with abundant raw materials. And the The coarse pulp products can be 
supplied sufficiently to the consolidation pulp mills. 

The raw mat e ria l s puIps are fed to the refiner continuously and equally by a 
screw feeder homogeneouslv and continuously . In the first refining process O2 
(weight percentage concentration is 0.1) and/or H2O2 (weight percentage 
concentration is 1.5) prepared in advance are added dropwise t o the pulp in_a 
ratio of - 1:0,12-0.15 (according to weight ratio) and mixed with the p ulp in 
refiner at 60-80''C, pH2. 5-3.8 and 12-15% consistency. The rotating speed of 
whfeh "the refiner is 1300 ffe -r/min and the gap between the disks is 0.1 5-0.1 mm. 
The pulp whiteness can be 60 — ^75°. In the secondary second refining process 
O3 (concentration is lOumol/L) and/or superoxide anion radicals 

(O f /HOP * ) ( concentration is lOumol/L) and/or singlet oxygen CO2) 

( concentration is 10umol/L) are added and mixed with the pulp at SO-IOO'^C, 
pH2. 5-3.8, 12-15% pulp consistency and 0.3-0.6_Mpa. The rotating speed of 
refiner disc is 1300 r/s r/min and the gap between the disks is 0.15-0.1 mm. After 
0.5-1 h, the ISO whiteness eaf* should reach te-75-86''. The pulp is sent into the 
conventional screening process for fine screening. The refined pulp is sent into 
the centr i fugal c leaning process b e fore i t is ^ condensed with a^decker, beaten, 
and then sent into the storage process. When higher whiteness is required, the 
pulp can be processed again according to the process described above and pulp 
yield is 75%. 




compared w ith curr e nt t e chnology prior arts , the method of the 
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invention has tfie followinQ advantages as follows : tt it is practically a preparation 
process of puIp which involves a method with cIogo l oop is fullv closed , zero 
discharoina. self-cycling, non acid no acid needed , non alkali no alkali needed , 
mf^ ^chlorino no chlorine needed , non anthraquinono no anthraquinone needed . 
f^OB- ^cooking no cooking needed , non-bleaching, non - draining and non pollution 
no pollution . The method has characters characteristics of saving energy, saving 
water and being a clean pulping method, and it solves pollution of papermaking 
completely, utilizes facilitates the re-use of r e source of agriculture and forest 
resources , and protects the biological entironmont environment In accordance 
with the present invention, the fully closed, self-cycling, zero discharge 
discharging refers to: M raw materials are pretreated and then sent to the 
oxidi zing dipping reaction svstem: all water in the proces s from the protroatmont 
« mat e ria l s till the delivery of it to the oxidation reactor is divided into two 
ps^^ so accompl i sh tho self cycling be self-cvcled in the processir On e one part 
is the water from the process of materials cleaning protroatment. It is pur i fied by 
centrifugal cleaning and beating, during which afid~the solid sediments m^are 
taken away . Th o and the pulps are sent to the common conventional beating 
processr; Water water generated in the process is cycled into the^purification 
pool. A^O.1%-0.15% ozonizer (O-^ generator) is and acticarbon nutsch filter aro 
installed in the purification pool to decolor the water. The water contains minor 
oxygen free radical radicals and tt-is pumped into the cycling water system. The 
other part is the water from the oxidizing following processr; Aft e r the puIp is 
cleaned with centrifugal cleaner and then is-concentrated with a ,common after 
conventional decker, the pulp it is sent to the pulp tank fef and then to 
papermaking plant . The produced water produced is filtrated and placed in the 
water-purifying tank for self-cycling. The purified water is pumped into materials 
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cleaning system, oxygen oxidtzing-d ipping system, oxygen grinding system and 
filtrating syst e m for recycling us e screening system for being recycled within the 
company . No a«y-gas or black liquor is drained in the process. The mixed solid 
residue discharged o nly occupied occupies 12%-22% of the materials by weight . 
This process is pollution-free and the residue can be sent to bio-oxidation 
treatment tank for other uses , 

Caption Description of the drawings: 

Figure. 1 is theT he flow sheet-chacLof this inyention that is a fully--closed7 
self-cycl i ng, zero d i scharge discharging and clean pulping process by oxidation 
is i llustrated in Figure 1 , 

Detailed description of this invention 

FyAMPt F 

Undermentioned examples are farther f urther d escription of the inyention. 
These examples are only used to describe the inyention, not used t o limit the 
conc e ptual scope framework of the inyention. 

EXAMPLE I 

100kg full cotton stalks are -were remoyed of legumen and calyces by a 
crushing engine and cut into pieces with a length of 5cm and thlek -a thickness of 
1.5cm with a yield o f . Finally mat e r i als with forming rate 98% ar e obtained . 
Aboye materials a were broken into plush by a rolle r-type aod-crushing engine, 
had romoyed dust and medulla remoyed by wind power, romoyod impurity 
remoyed by screening, washed fey with circular cycling w ater before the materials 
te were transported to the oxidation reactor (an auto agitator is installed in the 
reactor) by a^screw feeder. The reaction conditions a were at 60°C, pH_2.5, a 
rotating speed of 60 f/s r/min. afi4 with the addition of MgCOa 0.02 kgj and 
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b i methylbioxirane dimethyhdioxirane (DMD) 0.01 kg is added . After O.Sh^ aHzOz 
solution with weight percentage concentration 0.2 te — was added. Then the 
rotating speed was becomes increased to 80 ftte r/min and temperature Is-tg 
80°C. After 1 h, impregnating softness number rate of the materials in the reactor 
is was 98%. The materials change changed from deep yellow to pale white and 
accord met w ith ISO whiteness 48-52'' (hereinafter it is called whiteness or ISO 
whiteness for short convenience ). Above materials are -were w ashed repeatedly 
and dewatered to concentrate, ar^4 giving a weight percentage concentration of 
the-water Is-of 30%. A.H2O2 solution is -was added ifv -into the material washed , 
and the w eight percentage concentration of H2O2 in the material te -was 0.2. The 
material Is -was f ed to a^refiner cont i nuously and equal l y homogeneously to be 
grinded ground . The rotating speed of refiner disc Is -was 600-1 200 f/s r/min and 
the gap between the disks fs -was 0,2-0. 15mm. Slag sifted could ste§ gr i nding 
can be grinded g round and screened repeatedl y after screening . After being \ ^ 
disposal process of transferred into the cleaner, an edible citric acid aqueous 
solution w ith a^weight percentage concentration of 0,12 and hydroxylamine with 
a^weight percentage concentration of 0.01 are -were added. According to routine 
beating process, the pulp ts -was beaten, thereby obtaining an original mat e r i a l 
tha^ pulp with a yield is 76% and an ISO whiteness m of 52-651._The process 
described above can be applied in the-village and township enterprises in the 
area with abundant raw materials. And th e The coarse pulp products can be 
supplied sufficiently to the consolidation pulp mills. 

EXAMPLE II 

In accordance with EXAMPLE I, 100kg raw materials from EXAMPLE I afe 
were f ed to the refiner continuous l y — afid — equally homogeneously and 

continuously by a screw feeder . In the first refining process H2O2 (weight 
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percentage concentration is -was 1 .5) prepared in advance afe -were added to the 
pulp in a ratio of 1:0.12 (according to weiglit ratio) and mixed witli pulp in the 
refiner at 60''C, pH3.8 and 12«15% consistency. The rotating speed of refiner m 
was 1300 f/s r/min and the gap between the disks Is -was 0,1 5-0.1 mm. The pulp 
whiteness can b e was 6065-75°. In the secondary refining process O3 
(concentration Is -was lOumol/L) is -was added and mixed with pulp at 80''C, pH 
3.8, 12-15% pulp consistency and pressure 0.4Mpa.The rotating speed of refiner 
disc 46 "Was 1300 r/s r/min and the gap between the disks Is -was 0.1mm. After 
0.5-1 h, the ISO whiteness ear ^should reach te-75-86''C. The pulp is -was sent 
into the conventional screening process for fine screening. The refined pulp is 
was sent into the c e ntrifuga l cleaning process^ befor e i t is condensed with a 
decker, beaten, and then sent into the storage process. When higher whiteness 
is required, the pulp can be processed again according to the process described 
above and pulp yield fs -was 75%. 

EXAMPLE III 

Original materials are puIps were obtained by the procedure as conducted 
fof-in example I, except that MgS04 substitutes substituted for MgCOa at the 
same dosage amount . 

EXAMPLE IV 

The same procedure as conducted for m example II was repeated , except 

0*/H00 • 

that superoxide anion radicals (Q r/HOO » ^ )_whose concentration is 

was lOumol/L subst i tutes substituted for O3 whose concentration is— was 
lOumol/L. 

EXAMPLE V 

100kg poplar pieces afe -were broken into plush by a rolle r-tvpe ai^d-crushina 
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engine, had romovod dust and impurity removed bv wind power, washed by 
oircuiar c vclinq w ater before the materials are -were t ransported to the oxidation 
reactor ( an auto agitator is -was installed in the reactor) by a^screw feeder. The 
reaction conditions afe -were a t-60°C. pH2.5, rotating speed of 60 f/s r/min and 
MgS04 0.015kg and bimothyl biox i rane dimethyl dioxirane (DMD) 0.01 kg afe 
were added. After 0.5h^ H2O2 solution whose w ith a w eight percentage 
concentration te-of 0.2 Is -was added. Then the rotating speed becom e s became 
80 r/min and temperature te -was lOO^^C. After 1h, impregnating expanding 
softness number rate o f the materials in the reactor Is -was 98%. The color of the 
materials chango changed from deep yellow to pale white and ISO whiteness is 
was 48-52^. Above materials is- were w ashed repeatedly and dewatered to 
concentrate, and weight percentage concentration of the-water te -was 30%. O2 
and H2O2 solution Is — was added 'm dropwise into the material, and weight 
percentage concentration of O9 and H9O9 in the materials Is -was 0.25. The 
materials afe -were f ed to a„refiner cont i nuously and e qually homooeneouslv bv a 
screw feeder so as t o be grindod ground . The rotating speed of refiner disc Is 
was 600-1200 f/s r/min and the gap between the disks Is -was 0.2-0.1 5mm. Slag 
grind i ng sifted can could be grind e d ground and screened repeatedl y after 
scr ee n i ng . After being treated in the cleane r disposal process , an edible citric 
acid agueous solution w hose weight percentage concentration Is -was 0.12 and N, 
N-dialkyI hydroxylamine whose weight percentage concentration Is -was 0.01 afe 
were added. According to routine beating process, the pulp Is -was beaten, 
therebv obtaining an o riginal pulp material whose with a yield of ls-76% and ISO 
whiteness oLis-52-651. 

EXAMPLE VI 

100kg poplar pieces are original pulp prepared in example V was fed to a 
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refiner continuously and e qually continuously and homogeneously by a screw 
feeder . In the first refining process, compound oxygen made -consisting o f H2O2 
(weight percentage concentration fs — was 1.5) and O2 (weight percentage 
concentration Is -was 0.1) prepared in advance afe -was added to the pulp in a 
ratio of 1:0.15 (according to the weight ratio) and mixed with pulp in the refiner at 
60°C, pH3.8 and 12-15% consistency. The rotating speed of refiner is -was 1300 
f/ sr/min and the gap between the disks is -was 0.1 5-0, 1mm. The pulp whiteness 
can b e was 60 65-75''. In the s e condary second refining process superoxide 

anion radicals ( ^^^^^^ O r/HOO * ) (concentration te»10umol/L) te -was added 
dropwise and mixed with the pulp at 80°C pH3.8, 12-15 wt% pulp consistency 
and 0.4Mpa.The rotating speed of refiner disc is -was 1300 f/s r/min and the gap 
\B was 0.1mm. After 0.5-1 h, the ISO whiteness ean -should reach te~75-86*'. The 
pulp is was sent into the conventional screening process for fine screening. The 
refined pulp is was sent into the centrifuga l c leaning process^ boforo it io 
condensed with a_decker, beaten, and then sent into the storage process. When 
higher whiteness is required, the pulp can be processed again according to the 
process described above and the pulp yield is was 75%. 

EXAMPLE Vn 

Original materials pulp a m was obtained by the same procedure as 
conducted fef in example V, except that ETPA subotituto DTPA substituted for 
DMD at the same dosage amount . 

EXAMPLE VIII 

The same procedure as conducted fef in example VI was carried out , 
except that singlet oxygen (^02) whose concentration is was lOumol/L and O3 
whose concentration is was 1 0umol/L substitute substituted for superoxide anion 
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radicals (O t/HOO 



)_whose concentration was 10umol/L. 



In accordance witli the present invention, there Is provided a non cooking 
cooking-free, , non conventional no bleaching needed , fully closed, self-cycling 



chemicals such as strong chlorin e chlorine , strong acid, strong alkaline are not 
employed. According to the market demands, the enterprise enterprises can 
produce various types of middle or h i gh qua l ity pulp puIps of middle or high 
gualitv . 

The test results of the clean pulp produced bv the oxidizing -pulping 
process : 

Pilot product products , namely p«*p puIps of full cotton stalk, mulberry tree, 
popular and the full cotton stalk screen fine pulp, was were t ested by Tianjin 
Science and Technology University. The results are shown in the testing report in 
detail (table 5). It is indicated that b i o - oxidat i on the oxidizing pulping technology 
can be applied to both wood and non-wood materials, and f or example, full 
cotton stalk, the an agriculture residu e waste , can be utilized as raw materials for 
pulping. 

Testing A comparison between the testing report produced bv Tianjin Science 
and Technologv Universitv on Nov 12, 2003 and national su l fite bleach 
sulfite-bleaching pulping contrast table are produc e d by Tianjin Sc i ence and 
Tochnology University at Nov 12,2003 is listed in . Ploaso rofor to table 3. 

Table 3 propertv Prop e rtv comparison of bio - oxidation pulp and conv e ntiona l 



and active oxygen mixed refining process. The 




GB Standard 



Upland 
Cotton Stalk 



Upland 
Cotton Stalk 



Mulberry 
Pre-Screened 



Poplar 
Pre-Screened 



Index 



Of BSP 



25 







Pre-Screened 
Pulp 


Screened 
Pulp 


Pulp 


Pulp 










0 4.7 


0 55 


Degree of beating 
(^SR) 


45 


59 


51. 5 


58 


62 


Basis weiglit (g/ m^) 


58. 2 


58. 2 


60. 0 


59. 0 


57. 5 


density (g/cm^) 


3. 3 


0. 33 


0. 32 


0. 33 


0. 32 


Breaking length (Km) 


3. 2 


3. 81 


3. 44 


3. 44 


3. 07 


Tear IndAx f mNm^/a) 


2. 8 


2. 9 


3. 4 


2. 9 


2. 5 


Burst index 
(KPam%) 


1. 5 


1. 9 


1. 5 


1. 7 


1. 4 


Brightness (%ISO) 


82. 0 


68. 69 


71. 58 


70. 87 


75. 17 


Opacity ( % ) 


88. 1 


95. 91 


93. 91 


96. 05 


94. 07 
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